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Summary
Purpose: We investigated the lateralizing ability of intelligence scores in mesial
temporal lobe epilepsy (MTLE) patients according to the distribution of interictal
epileptiform discharges (IEDs).
Methods: This study enrolled 82 MTLE patients. All patients had preoperative neu-
ropsychological evaluations, including Korean Wechsler Adult Intelligence Scale.
Patients were categorized as having uni- or bitemporal IEDs based on IEDs distribution
(cutoff point, 90%).
Results: In patients with unitemporal IEDs, performance IQ (PIQ) was significantly
lower in the right than in the left subgroup (89.6 vs. 99.4, p < 0.05). Verbal IQ (VIQ)—
PIQ discrepancy scores differed significantly between the left and right subgroups,
being negative in the left and positive in the right subgroup. Based on multivariate
analyses, two variables, right MTLE ( p = 0.042) and the unitemporal distribution of
IEDs ( p = 0.030), were independently related to the VIQ—PIQ discrepancy of more
than 10 points. About 47.4% of those with unitemporal IEDs had VIQ—PIQ discrepancies
of greater than 10 points and the rate for correct lateralization was 77.8%. In patients
with bitemporal IEDs, however, none of the intelligence scores showed evidence of
correct lateralization. In patients with bitemporal IEDs, Full-scale IQ and PIQ were* Corresponding author. Tel.: +82 2 3010 3445; fax: +82 2 474 4691.
E-mail address: salee@amc.seoul.kr (S.-A. Lee).
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significantly lower in the left subgroup, and there was a significant difference in
VIQ—PIQ discrepancy scores with the wrong direction.
Conclusions: We found that intelligence scores had some lateralizing ability, but only
in MTLE patients with unitemporal IEDs.
# 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Material-specific memory deficit is considered a
primary neuropsychological marker of mesial tem-
poral lobe epilepsy (MTLE).1—3 Neuropsychological
deficits in MTLE are, however, not limited to the
learning-memory domain but extend into more gen-
eralized impairment of higher cognitive-intellectual
functioning.4—7 A growing body of neuroimaging
evidence has shown that brain dysfunction in MTLE
is not limited to themesiotemporal area but extends
into widespread extratemporal regions.8—13
With regard to the potential lateralizing ability of
intelligence deficits in patients with MTLE, some
studies showed significantly lower verbal intelli-
gence quotient (VIQ) in left than in right MTLE
patients but no significant difference in perfor-
mance intelligence quotient (PIQ) between the
two groups.14,15 Others, however, found that PIQ
as well as VIQ were significantly lower in left than in
right MTLE patients.16,17 However, the great major-
ity of studies failed to find supporting evidence for
significant lateralized intelligence deficits.3,18—21
The inconsistency of the results of previous studies
may be due, at least in part, to intelligence scores
such as VIQ and PIQ being of relatively low sensitivity
in measuring verbal and nonverbal intelligence. The
inconsistency may also be due to methodological
inadequacies, such as differences between studies
in the types of patients recruited or heterogeneous
patient populations within a particular study, rather
than to a true absence of the lateralizing ability of
intelligence in MTLE.
We have hypothesized that the lateralizing effect
of intelligence in MTLE patients may be evident in
those with unilateral, but not bilateral, temporal
lobe dysfunction, primarily because bilateral tem-
poral lobe dysfunction may make the potential
laterality effect of intelligence less clear. Bitem-
poral interictal epileptiform discharges (IEDs) have
been shown to be very sensitive markers of bitem-
poral dysfunction.22 Serles et al.23 suggested that
false lateralization based on seizure semiology was
more frequent in patients with bitemporal spikes.
Steinhoff et al.24 also found that false ictal EEGs
lateralization was more frequent in patients with
bitemporal IEDs than those with unitemporal IEDs.
This study evaluated only patients with MTLE due to
hippocampal sclerosis, as confirmed by pathologicalanalysis and seizure outcome after surgery. After
categorizing MTLE patients into two subgroups
depending on the distribution of interictal spikes,
we investigated the differences in the lateralizing
ability of intelligence scores between MTLE patients
with unitemporal and bitemporal IEDs.Methods
Patients
We evaluated a consecutive series of patients who
received preoperative examinations for treatment
of intractable seizures from 1996 to 2002 at Asan
Medical Center. Patients were included if they had
mesial temporal sclerosis, as confirmed by post-
operative pathological analysis; were seizure free
for at least 1 year after anterior temporal lobect-
omy; had preoperative neuropsychological evalua-
tions, including Korean Wechsler Adult Intelligence
Scale (K-WAIS)25; and had left language dominant
hemisphere, as determined by the intracarotid
sodium amytal procedure. Because patients were
only included when postoperative pathology
revealed mesiotemporal sclerosis, only after opera-
tion it was decided whether the presurgical neurop-
sychological data would be used in this study.
Subjects were excluded if their full-scale intelli-
gence quotient (FSIQ) score was less than 70, if they
had anomalous language representation, or if they
had focal neurological deficits, progressive neuro-
logical disorders, or active psychiatric or medical
disorders.
Scalp/sphenoidal EEG
Data were obtained through continuous video-EEG
monitoring. The length of monitoring averaged 3.7
days (range, 1.5—7.3 days). Antiepileptic medica-
tion was usually reduced or completely withdrawn
to facilitate the recording of seizures. In all cases,
EEGs were recorded using an international 10—20
system plus bilateral sphenoidal and inferior tem-
poral electrodes. For EEG recording and analysis, we
used a digital system that allowed for reformatting
the data in any desired montage.
IEDs were assessed by visual analysis of interictal
EEG samples of 2 min duration every hour stored on
606 S.-A. Lee et al.optical disks. About 2.8 h (range, 1.3—5.8 h) of
interictal data were reviewed. IEDs were defined
as spikes, sharp waves, spike wave complexes, or
multiple spike discharges. A continuous run of epi-
leptiform waveforms would be considered as one
discharge if not interrupted by normal activity of
more than 1 s. If 90% or more of all discharges
occurred over one temporal lobe, which always
corresponded to the side of resection, patients were
defined as having unitemporal IEDs. Patients with
less than 90% of IEDs over one temporal lobe were
classified as having bitemporal IEDs. The scoring of
IED and the assignments to the groups with either
unitemporal or bitemporal IED was performed by
one author (S.Y. Kang), who was blinded to the
results of K-WAIS. The evaluation of IEDs was super-
vised by the other author (S.A. Lee).
Korean Wechsler Adult Intelligence Scale
(K-WAIS)
The K-WAIS25 was preoperatively administered to
each patient in the context of a comprehensive
neuropsychological evaluation. The structure and
pattern of the K-WAIS are the same as those of
the WAIS-R.26 In this study, we used four measures:
FSIQ, VIQ, PIQ, and VIQ—PIQ discrepancy.
Data analysis
Patients with clear and exclusively unilateral sei-
zure foci were assigned to the left or right MTLE
groups depending on the location of pathology.
Patients in each group were further subdivided into
unitemporal and bitemporal subgroups based on
interictal spike distribution. Student’s t-tests were
used to compare each of the intelligence scores in
these groups and subgroups. Using logistic regres-
sion analysis, we determined which clinical vari-
ables were independently related to the VIQ—PIQ
discrepancy of more than 10 points. Clinical vari-
ables included were age, sex, age at seizure onset,Table 1 Patient characteristics
Total (n = 82) Unitempora
LMTLE (n =
Sex ratio, M:F 44:38 10:8
Age at seizure onset (year) 11.9 12.1
Duration of epilepsy (year) 18.5 17.3
Age at operation (year) 30.3 29.5
Years of education 11.8 12.5
Number of antiepileptic drugs 2.54 2.44
LMTLE = left mesial temporal lobe epilepsy; RMTLE = right mesial t
a Patients with unitemporal interictal spikes.
b Patients with bitemporal interictal spikes.duration of epilepsy, laterality of MTLE, the distri-
bution of interictal spikes (unitemporal or bitem-
poral), and preoperative use of topiramate. If the
discrepancy scores between VIQ and PIQ were
greater than 10, which was unlikely to occur as a
result of measurement error (statistically reliable
splits),27 further analysis was conducted to deter-
mine the ability of the intelligence scores to later-
alize. All statistical analyses were performed using
SPSS version 12.0 for Windows.Results
General characteristics
This study included 82 patients (44 men, 38 women);
their demographic characteristics are shown in
Table 1. All patients had drug-resistant complex
partial seizures sometimes with secondary general-
ization. Their seizure frequencies were 0.5—4 sei-
zures per month. They were treated with 1—4
antiepilepticdrugs,withmostpatients (90.2%) taking
2—3 drugs. Of the 82 patients, 12 (14.6%) were taking
topiramate and 8 (9.8%) were taking phenobarbital.
Among the 82 patients, 36 patients had left MTLE
and 46 had right MTLE; there were no statistically
significant between-group differences in gender,
age at operation, age at onset, duration of epilepsy,
duration of education, and number of antiepileptic
drugs. Of the 82 patients, 38 had unilateral IEDs (18
left, 20 right) and 44 had bitemporal IEDs (18 left, 26
right); there were also no significant differences in
patient characteristics between the left and right
MTLE subgroups according to the IED distribution.
Differences between left and right MTLE
groups regardless of IED distribution
There were no significant differences in summary IQ
scores and VIQ—PIQ discrepancy scores between the
left and right MTLE groups (Table 2).l a Bitemporal b
18) RMTLE (n = 20) LMTLE (n = 18) RMTLE (n = 26)
14:6 5:13 15:11
10.7 11.8 12.6
19.4 21.4 16.5
30.1 33.3 29.0
12.1 10.8 11.8
2.65 2.67 2.42
emporal lobe epilepsy.
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Table 4 Lateralizing values relative to verbal-perfor-
mance IQ discrepancy
Patients with
VIQ—PIQ
discrepancy
of >10 points
Patients
with correct
lateralization
Unitemporal a
LMTLE (n = 18) 5 (27.8%) 5 (100%)
RMTLE (n = 20) 13 (65%) 9 (69.2%)
Both (n = 38) 18 (47.4%) 14 (77.8%)
Bitemporal b
LMTLE (n = 18) 3 (16.7%) 0 (0%)
RMTLE (n = 26) 8 (30.7%) 3 (37.5%)
Both (n = 44) 11 (25%) 3 (27.3%)
LMTLE = left mesial temporal lobe epilepsy; RMTLE = right
mesial temporal lobe epilepsy; VIQ = verbal IQ; PIQ = perfor-
mance IQ.
a Patients with unitemporal interictal spikes.
b Patients with bitemporal interictal spikes.
Table 2 Intelligence scores in left and right MTLE
patient groups
LMTLE (n = 36) RMTLE (n = 46) p-Value
FSIQ 93.5 (13.8) 95.4 (14.2) 0.532
VIQ 93.7 (13.7) 96.4 (14.1) 0.384
PIQ 93.6 (13.8) 94.6 (14.7) 0.761
VIQ—PIQ 0.1 (8.3) 1.8 (11.5) 0.457
Data are reported as mean (standard deviation). FSIQ = full-
scale IQ; VIQ = verbal IQ; PIQ = performance IQ; VIQ—PIQ = -
verbal-performance IQ discrepancy.Differences between left and right
subgroups in patients with unitemporal
IEDs
PIQ was significantly lower in the right subgroup
than in the left subgroup (89.6 vs. 99.4, p < 0.05)
(Table 3). Mean VIQ—PIQ discrepancy scores were
negative in the left MTLE subgroup and positive in
the right subgroup, and the difference was statisti-
cally significant (4.2 vs. 5.5, p < 0.01). FSIQ and
VIQ did not differ between the left and right sub-
groups.
Differences between left and right
subgroups in patients with bitemporal IEDs
FSIQ was significantly lower in the left subgroup than
in the right subgroup (89.8 vs. 97.8, p < 0.05)
(Table 3). PIQ score was also lower in the left than
in the right subgroup (87.8 vs. 98.5, p < 0.01). The
VIQ—PIQ discrepancy scores also differed signifi-
cantly ( p < 0.05), but their direction was not con-
sistent with the laterality of temporal lobe seizure
onset. VIQ did not differ between the left and right
subgroups.
Factors contributing to the VIQ—PIQ
discrepancy of more than 10 points
Among the 82 patients, 29 patients (35.4%)
showed the VIQ—PIQ discrepancy of more than
10 points. Univariate analyses showed that threeTable 3 Intelligence in patients with left or right mesial t
interictal spikes
Patients with unitemporal IEDs
LMTLE (n = 18) RMTLE (n = 20) p-Val
FSIQ 97.2 (16.2) 92.2 (14.0) 0.321
VIQ 95.3 (16.2) 95.1 (14.9) 0.972
PIQ 99.4 (15.7) 89.6 (13.6) 0.045
VIQ—PIQ 4.2 (7.1) 5.5 (13.3) 0.009
Abbreviations same as in Table 2. Data are given as mean (S.D.) vavariables were significantly correlated with VIQ—
PIQ discrepancy of greater than 10 points: sex,
laterality of MTLE, and the distribution pattern of
IEDs. Based on multivariate analyses, two vari-
ables, right MTLE ( p = 0.042) and the unitemporal
distribution of IEDs ( p = 0.030), were indepen-
dently related to the VIQ—PIQ discrepancy of more
than 10 points.
Lateralizing values of VIQ—PIQ
discrepancy of more than 10 points in
either unitemporal or bitemporal MTLE
patients
In the unitemporal group, 27.8% of patients with
left MTLE and 65.0% of patients with right MTLE
showed statistically reliable splits (i.e., greater
than 10 points), and the rates for correct laterali-
zation were as high as 100% and 69.2%, respectively
(Table 4). In the bitemporal group, however, the
frequency of VIQ—PIQ discrepancywas as low as 25%
and the correct lateralization rate was also low
(27.3%).emporal lobe epilepsy depending on uni- or bitemporal
Patients with bitemporal IEDs
ue LMTLE (n = 18) RMTLE (n = 26) p-Value
89.8 (9.9) 97.8 (14.1) 0.041
92.2 (10.9) 97.5 (13.6) 0.177
87.8 (8.8) 98.5 (14.6) 0.008
4.4 (7.3) 1.0 (9.3) 0.045
lues.
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In agreement with many previous studies, we
observed no lateralized intelligence deficits in
patients with MTLE regardless of the distribution
of IEDs.3,18—21,28 In patients with unitemporal IEDs,
however, PIQ was significantly lower in right than in
left MTLE, whereas VIQ and FSIQ did not differ. As a
result, VIQ—PIQ discrepancy scores showed the
expected direction. That is, VIQ was lower than
PIQ in the left MTLE subgroup, whereas PIQ was
lower than VIQ in the right MTLE subgroup. Also
the VIQ—PIQ discrepancy of more than 10 points
was independently related to the unitemporal IEDs
and right MTLE subgroup. These findings are indica-
tive of the lateralizing ability of intelligence deficits
in MTLE patients with unitemporal IEDs.
The lateralized intelligence deficits observed in
MTLE may be due to an asymmetric disease process
associated with unilateral MTLE, involving wide-
spread extratemporal and neocortical temporal
dysfunction. Results obtained using quantitative
MRI and functional brain imaging have suggested
these potential lateralized intelligence deficits in
MTLE.8—11 For example, in an examination of the
temporal neocortex and the underlying white mat-
ter in patients with unilateral temporal lobe epi-
lepsy, the total volume of the temporal lobe was
found to be more reduced in the temporal lobe
ipsilateral to the seizure focus (15%) than in the
contralateral lobe (7%).10 Moreover, relative reduc-
tions in glucose metabolism of the left hemisphere
and left lateral temporal lobe in MTLE patients were
found to correlate with lower VIQ scores.8
In patients with bitemporal IEDs, both FSIQ and
PIQ were significantly lower in left than in right
MTLE, whereas there was no difference in VIQ.
Consequently, the direction of VIQ—PIQ discrepancy
was not consistent with the laterality of temporal
lobe seizure onset. Thus, we found an association
between the presence of seizure focus in the left
side and significant reductions in PIQ and FSIQ in
MTLE patients with bitemporal IEDs.
We found that PIQ was more susceptible to epi-
leptogenic lesion, regardless of the laterality of
seizure focus. Right MTLE patients with unilateral
IEDs tended to have lower PIQ without a reduction of
FSIQ, whereas left MTLE patients with bitemporal
IEDs tended to have reductions in both PIQ and FSIQ.
These findings are somewhat inconsistent with early
research in this area,29 but support data obtained
more recently.30,31
Intelligence has been conceptualized as having
two dimensions, fluid and crystallized intelli-
gence.32 Crystallized intelligence is related to
retained information, as measured by vocabularysubtests, whereas fluid intelligence is related to the
ability to manipulate information, as measured by
subtests such as digit-symbol substitution. VIQ is
thought to represent a measure of crystallized intel-
ligence, whereas PIQ is thought to represent fluid
intelligence.33 Fluid intelligence has been reported
to be more susceptible to aging or acquired brain
injury than crystallized intelligence.27,33 Left brain
injury may be accompanied by various differences in
IQ profiles (PIQ > VIQ, VIQ = PIQ, or VIQ < PIQ),
whereas right brain injury is associated with a PIQ
lower than VIQ.26,31 These findings are, in part,
supported by our results, in that VIQ—PIQ discre-
pancy of more than 10 points was significantly
related to right MTLE. Consequently, the VIQ—PIQ
discrepancy has no diagnostic predictive validity in
individuals with left hemispheric lesions.31 In
patients with diffuse bilateral brain injury, PIQ
was found to be lower than VIQ.27 Taken together,
these findings indicate that acquired brain damage
often has greater adverse impact on PIQ than on
VIQ.
Lower PIQ in patients with left hemispheric
lesions may be reflective of the neurological reor-
ganization of cognitive functions that occur in these
patients.34 Lateralized reorganization of language
functions in patients with early left hemisphere
brain injuries may ‘crowd’ out nonlinguistic abilities
ordinarily mediated by the nondominant right hemi-
sphere.35 Our finding of lower PIQ in left MTLE
patients, however, is less likely to be due to ‘crowd-
ing’ because we included only patients with clear
left hemisphere language dominance.
The evidence for an association between later-
ality of seizure focus and overall intellectual ability
has been inconsistent.4,16,36,37 We observed an asso-
ciation between left MTLE and significantly lower
FSIQ, but only in patients with bitemporal IEDs.
Glosser et al.37 also found that the presence of an
epileptic focus in the left hemisphere was asso-
ciated with lower IQ in patients with intractable
temporal lobe epilepsy. The psychometric definition
of intelligence relies heavily on measures of linguis-
tic and analytic capacities, which are cognitive
functions most often mediated by the left cerebral
hemisphere.38 Consequently patients with primary
neurological dysfunction in the left hemisphere
might be expected to score lower on standardized
intelligence tests than patients with damaged right
hemisphere. Bitemporal interictal spikes generally
reflect more severe and generalized brain dysfunc-
tion, which may explain our finding that MTLE
patients with bitemporal, but not unitemporal IEDs
had lower IQ scores.
The VIQ—PIQ discrepancies have limited
their diagnostic predictive validity as markers of
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that the low percentage of patients with bitemporal
IEDs exhibited a statistically reliable VIQ—PIQ split.
However, the base rate of a reliable VIQ—PIQ split in
the patient subgroup with unitemporal IEDs was
nearly 50%, and the sensitivity of the split in right
MTLE was higher (65%) than left MTLE. The rate for
correct lateralization was as high as 77.8% in
patients with unitemporal IEDs, whereas this rate
was as low as 27.3% in patients with bitemporal IEDs.
These findings indicate that the VIQ—PIQ discre-
pancy has, at least in part, some diagnostic pre-
dictive validity in MTLE patients with unitemporal
IEDs.
This study has some limitations. First, the scoring
of IEDs using an algorithm of 2 min/h was limited,
and raised the question of dependency of the find-
ings on chance, since the state of the patient was
not considered. Second, the classification of
patients into uni- or bitemporal cases were based
on the 90% cutoff point of spikes being distributed
over one temporal lobe. This way was arbitrary.
Epileptiform activity, however, has often been con-
sidered ‘‘lateralized’’ in temporal lobe epilepsy by
many investigators if >80—90% of the epileptiform
discharges originated from one temporal lobe.22,39—
42 Third, multivariate analysis was applied limitedly.
So influences of the potential variables such as age
and education level on intelligence were not com-
pletely excluded although there were no significant
differences between patient subgroups in sex, age
at seizure onset, age at operation, duration of
epilepsy, and years of education. Finally, we could
not completely exclude the possibility that medica-
tion such as topiramate or phenobarbital affected
their intellectual ability.
In conclusion, we found that intelligence scores
had some lateralizing ability, but only in MTLE
patients with unitemporal interictal spikes occur-
ring over one temporal lobe; this finding may reflect
brain dysfunction more obviously lateralized to the
epileptogenic region. In addition, we found that PIQ
was more susceptible to epileptogenic lesions,
regardless of the laterality of seizure focus.References
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